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Background: Microvascular dysfunction occurs in a number of myocardial disease states and has important prognostic implications in clinical 
settings. Coronary flow reserve (CFR) is considered a marker for the integrity of epicardial coronary circulation and microcirculation. However, 
assessment of CFR requires a velocity wire. Measuring volumetric blood flow using an angiographic technique has previously been validated. The 
purpose of this study was to validate the CFR measurement technique using angiographic image data.
Methods: Fifteen anesthetized swine were instrumented with a transit-time ultrasound flow probe on the proximal segment of the LAD. Adenosine 
was used to produce maximum hyperemia. Microspheres (50~100μm) were gradually injected into the LAD to create microvascular dysfunction. 
Contrast material injections were made into the left coronary artery at 3 ml/sec during image acquisition. Volumetric blood flow from the flow probe 
(Qp) were continuously recorded. Angiography based blood flow (Qa) was calculated by using a time-density curve based on the first-pass analysis 
technique. Flow probe based CFR (CFRp) and angiography based CFR (CFRa) were calculated as the ratio of hyperemic to baseline blood flow using 
Qp and Qa, respectively.
Results: In 251 measurements, Qa showed a strong correlation with the gold standard Qp (Qa=0.90Qp+6.6 ml/min, r=0.96, p<0.0001). CFRa 
correlated linearly with CFRp (CFRa=0.91CFRp+0.30, r=0.90, p<0.0001). Additionally, the Bland-Altman analysis showed a close agreement between 
CFRa and CFRp. All the CFR measurements were divided into four different groups according to the amount of microspheres injected. There were 
significant differences (p<0.001) between the four different stages of severity of microvascular disease for both CFRp and CFRa.
Conclusion: Quantifying CFR using a technique based on angiographic image data was validated using a swine animal model. This angiographic 
technique to measure CFR can potentially be used for the physiological assessment of coronary microvascular disease during routine diagnostic 
cardiac catheterization that requires no velocity wires.
